We have isolated cDNAs for three members of a family of seven-pass transmembrane cadherins in mouse (Celsr1, 2 and 3). These three genes represent vertebrate homologues of flamingo/starry night, recently identified as an essential component of the Drosophila planar cell polarity pathway and for the correct formation of dendritic fields within the Drosophila peripheral nervous system. In this study, we show that each member of the mouse Celsr family exhibit distinct patterns of expression within a range of different tissues within the developing embryo. Celsr1 and Celsr2 expression is observed during gastrulation and within the developing nervous system. Celsr3 transcripts, however, are found only at sites of active neurogenesis. q
Results and discussion
Functional analysis of Flamingo/Starry night, a sevenpass transmembrane (7TM) cadherin recently identified in Drosophila, has revealed its essential role within the nervous system of the fly (Usui et al., 1999; Gao et al., 1999 Gao et al., , 2000 and within the planar cell polarity pathway regulating bristle formation (Chae et al., 1999; Usui et al., 1999) . Flamingo is an intriguing new member of a 'core' group of tissue polarity genes which includes the related 7TM receptor, Frizzled (Barnes et al., 1998) .
We have reported the identification of a similar 7TM-cadherin in mouse, Celsr1 (Hadjantonakis et al., 1997 (Hadjantonakis et al., , 1998 , and have shown that its RNA expression is under very tight spatial and temporal control during embryogenesis (Hadjantonakis et al., 1998) . Using the 7TM region of Celsr1 (Hadjantonakis et al., 1997 (Hadjantonakis et al., , 1998 and reduced stringency hybridization against a mouse embryonic day 15 cDNA library, we identified partial cDNAs for two further mouse Celsr genes, Celsr2 (GenBank accession number AF 031573) and Celsr3 (GenBank accession number AF 188752). Mouse, human, rat and pig ESTs for Celsr2 are now present in the databases and full-length cDNAs for Celsr2 have been identified in human (GenBank accession number NM 001408; Nakayama et al., 1998; Vincent et al., 2000) and mouse (GenBank accession number NM 017392; mfmi1, Usui et al., 1999) . Human and rat ESTs for Celsr3 have been identified with full-length cDNAs cloned in rat (Nakayama et al., 1998) and human (Celsr3; GenBank accession number NM 001407; Nakayama et al., 1998; Wu and Maniatis, 2000) .
We wished to establish the embryonic patterns of expression of Celsr2 and Celsr3 to gain insight into possible functional redundancy within the family. Additionally, since Drosophila Flamingo has been shown to mediate cell adhesion (Usui et al., 1999) we also wished to investigate potential sites of interaction between CELSR proteins on the same or adjacent cells. Accordingly, we carried out a systematic expression study of the Celsr family using mouse embryos from 6.5 days post coitum (dpc) to 16.5 dpc.
We find that during mouse embryonic development, the Celsr family exhibit restricted but distinct patterns of expression suggestive of functional roles in a number of developmental processes. Our data is also consistent with reverse transcription-polymerase chain reaction analysis of expression of Celsr1, 2 and 3 in various adult mouse tissues (Formstone et al., 2000) . We have previously shown that Celsr1 is expressed in the vicinity of the primitive streak during gastrulation (Hadjantonakis et al., 1998) . Further analysis within the late gastrulating embryo reveals that the Celsr1 expression domain lies predominately within the primitive streak (Fig. 1A,B) . In contrast, Celsr2 expression is within anterior neural ectoderm (Fig. 1C-F) . We were unable to consistently detect Celsr3 expression until early somite stages (Fig. 1G) .
The contrasting expression patterns exhibited by Celsr1 and Celsr2 persist within the developing embryo at later stages (Celsr1, Hadjantonakis et al., 1998 ; Celsr2, Fig.  1H-K) . At 7 somites, Celsr2 transcripts are up-regulated within the anterior ventral midline and restricted to rhombomere (r) 3 within the developing hindbrain (Fig. 1H,I ). By 9.5 dpc, Celsr2 expression is uniformly expressed within the caudal neural tube (Fig. 1J) and is absent from the isthmus region (Fig. 1K) . Celsr2 transcripts are, however, up-regulated within r1 and are restricted to rhombomere boundaries (Fig. 1J-L) . Celsr1 expression is also observed within rhombomere boundaries at this stage (Fig. 1M) . At 9.5 dpc, Celsr3 exhibits punctate dorsal neural tube expression anterior to the level of the developing forelimb bud ( Fig. 1N-P) . Celsr3 expression is additionally observed within the ventral neural tube (Fig. 1N ,P and inset) with expression restricted to r2 and r4 within the early developing hindbrain (Fig. 1Q,R) . Celsr3 is also expressed within the early peripheral nervous system (Fig. 1Q-S) .
Further striking patterns of Celsr expression are revealed during spinal cord development ( Fig. 2A-F) . Within this tissue, the Celsr family appear to define different neuroepithelial cell populations. A complementary pattern of expression is clearly evident between Celsr2 (Fig. 2B) and Celsr3 (Fig. 2C) at 12 dpc. The sequential expression of the family within the spinal cord may reflect a progression in the maturation of neuronal precursors. Additionally, RNA transcripts for all three members of the Celsr family are observed within the dorsal root ganglia (DRG) (Celsr1, Fig. 2D ; Celsr2, Fig. 2B; Celsr3, Fig. 2C,F) .
Materials and methods
Whole-mount in situ hybridization analysis was performed as described by Henrique et al. (1995) . The Celsr1 probe has been described previously (Hadjantonakis et al., 1998) . Celsr2 and 3 probes are 1.5 kb and 700 bp fragments, respectively, including 7TM and intracellular Fig. 2 . Celsr family expression within the developing spinal cord of the mouse from 12.5 dpc by RNA in situ hybridization. (A-C) Transverse cryostat section (15 mm) of 12.5 dpc spinal cord hybridized with Celsr1 (A), Celsr2 (B) and Celsr3 (C). Celsr1 transcripts show dorso-ventral restriction within the VZ of the basal plate (indicated by asterisk and black arrowhead) whereas Celsr2 transcripts are expressed throughout the VZ with a stripe of high-level expression along the alar/basal plate boundary (black arrowhead). Celsr2 is also expressed at low levels within the mantle layer and dorsal root ganglia at this stage. Celsr3 exhibits high levels of expression within the sub-ventricular zone of the basal plate (white arrowhead in C) with lower levels found in the mantle layer. (D-F) Transverse cryosections (15 mm) of 13.5 dpc spinal cord hybridized with Celsr1 (D), Celsr2 (E) and Celsr3 (F). Celsr1 transcripts remain dorso-ventrally restricted within the basal plate (black arrowhead and asterisk) and are expressed at high levels within the roof plate (rp). At this stage, Celsr1 expression is also observed within the dorsal root ganglia (D). High levels of Celsr3 transcripts are now detected within the sub-ventricular zone of the alar plate (black arrowhead in F) and have been down-regulated within the basal plate. domain sequences for Celsr2 and intracellular domain sequences for Celsr3. Preparation of embryos for sectioning and in situ hybridization to sections was essentially as described by Strahle et al. (1994) except that fixed embryos were embedded in 5% sucrose/1.5% seaplaque low melting point agarose (FMC Bioproducts, Rockland, ME) in phosphate-buffered saline. Increased sensitivity of staining was achieved by adding polyvinyl alcohol (Sigma, St. Louis, MO) to NTMT solutions just prior to the addition of NBT and/or BCIP (deBlock and deBrouwer, 1993) . Embryos were processed for paraffin sectioning as described by Wood and Episkipou (1999) .
